Background and objectives: The development and distribution of hospital beds, regardless of effective factors, may downgrade equity in access to health services through imposing costs of inefficiency. This study aimed to develop a hospital bed distribution model in Iran in order to facilitate the optimal and cost-effective development and distribution of hospital beds.
Introduction
Appropriate, similar, and equal provision of health care services for different classes of society is one of the most significant issues in social welfare. Besides its special significance, it has a special complexity posed by its many dimensions and impact so that it makes the authorities and managers deal with large and complicated decisions in this regard (1) . One of the major strategies to achieve social justice and equality in health systems is to provide easy, fair, and consistent access to medical and health needs in a society (2) .
In this case, inequality in the geographical distribution of medical and health care resources makes access to health services difficult (3) . On the other hand, increased number of treatable diseases, high cost of new equipment and technologies, and new therapies as well as enhanced level of expectations in the society and shortage of available resources makes accurate decisions a necessity when allocating resources to the health system (4) .
Several factors affect access to health services, including three categories of structural (organization, health service providers, transportation system), financial (insurance coverage and public support, government), and individual (an individual's cultures, incomes, education, and Knowledge) factors, which play a key role in facilitating individuals' access to the services provided in the health centers (2) .
In developing countries, the allocation of most resources is often unbalanced due to lack of information, skills and expertise in health planning (5, 6) . In recent years, health expenditure growth has been much higher and more accelerated than the expenditure growth in other sectors, and this trend keeps raising (7) . According to the World Bank's widespread studies on the share of public hospitals in consuming state-owned resources in developing countries, hospitals use about 50% to 80% of the total capital of the health sector (8) . Moreover, the establishment and construction of a hospital requires large expenses. Hospital beds are one of the most important and valuable resources in the health care systems. Estimates have shown that about 800 million Tomans is spent on each hospital bed, which costs up to one billion Tomans in some large cities because of the high costs of lands (9) . Given the nature of the medical sector with regard to the unconventional cost absorption, and given the aforementioned descriptions, there has always been a great gap between the available and required facilities. Due to resource constraints, the available resources are even less cost-effective in most cases (8) .
Therefore, the lack of equal and fair allocation of hospital beds throughout Iran's provinces may lead to irreversible complications in addition to displacement of critically ill patients [6] . Consequently, the hospital bed distribution (as one of the resources of the health system) could be used as an indicator of service distribution (10 and 11) .
Results of some studies, however, indicate that there are enough hospital beds in some regions in Iran and the problem is with the distribution and referral mechanisms and the provision of services (6, 12). According to these studies, although the mean ratio of hospital beds is 1.7 per 1000 persons, there are cities with six beds per 1000 persons as well as some other cities with less than 0.5% beds per 1000 persons (13) . Zandian et al.'s study showed that the distribution of treatment and health care resources in Ardabil province, Iran, was asymmetrical and unbalanced and there was a slight modification during the study period to reduce resource inequality (14) . Rashidian et al. (2008) concluded that the distribution of special infant beds was extremely unfair in Iran (15) . Mostafavi's study reflected the unfair distribution of specialized physicians and hospital beds throughout West Azerbaijan province, Iran (16) .
Considering the geographical maps of the special-care beds density, Tafighi et al. concluded that the density of the beds varies across different provinces (6). According to Rezai, the inequality in the distribution of health resources decreased in 2013 in comparison to 2006, even though the inequality still exists (17) .
This lack of organization might be due to the fact that the existing model has failed to accurately estimate and specify the priorities of the country in accordance with the principles of the health economy. However, the improved use of these resources and access to health care services seems possible through identifying the factors and variables affecting the distribution of hospital beds.
The Ministry of Health and Medical Education, which is in charge of preserving, restoring, and improving health status among all individuals and their families, has always spared his effort to provide the fair and appropriate distribution of the hospital beds and to found hospitals; however, such decisions need thorough investigations based on field studies. Therefore, this study aimed to accurately and scientifically extract major factors affecting the appropriate distribution of hospital beds and to explain a model appropriate for Iran.
Materials and Methods
This descriptive-analytic study was carried out during 2015-2016 and used mixed methods design in four steps (namely review of the sources, validation of detected factors, exploratory factor analysis and confirmatory factor analysis, and model development) to achieve a suitable model for hospital beds distribution in Iran. This study was extracted from a Ph.D. thesis in Health Services Management approved by the Vice-Chancellor for Research at Islamic Azad University. Prior to the study, a written informed consent was obtained from the subjects and they were ensured of the confidentiality terms regarding their personal information.
In the first step, previous studies conducted in Iran and other countries on hospital bed distribution and its relevant factors were investigated through referring to libraries and reliable Persian (e.g., SID and Magiran) and non-Persian (e.g. PubMed and Scopus) databases. Based on the objectives of the study, a checklist of 67 factors affecting the hospital bed distribution in Iran and other countries was prepared. Then the extracted factors were reviewed by interviewing the experts and receiving their comments, according to which some repetitive cases were removed, similar cases were modified, and some new factors were added. Further, two questions were raised for this checklist, including "to what extent was the checklist compatible with the objectives of the study?" and "to what extent does it respond to Iran's situation?". Afterwards, the basic conceptual model with 51 factors was developed. In the second step in order to calculate the Content Validity Ratio (CVR), the extracted items were submitted to 15 experts of the field to provide comments on the items in the form of three options (i.e., necessary, useful but unnecessary, and unnecessary). Given that there were 15 experts, the minimum interrater score for the comprehensibility and presence of a concerned index in the final questionnaire was ≥ 0.49 (18) . In order to 63| Jorjani Biomedicine Journal. 2018; 6(2): P 60-75. verify the questionnaire reliability, test-retest method was used as such the questionnaire was submitted to 30 qualified experts within two weeks. The data were collected and the reliability of the questionnaire was 0.88. In the third step in order to determine the dimensions and variables of each dimension using exploratory factor analysis method, the confirmed factors were submitted to the experts as a 23-item questionnaires with a five-point Likert scale ranging from extremely high (5) to extremely low (1). The fourth step was used to confirm the identified factors for different dimensions and consequently to present and fit the final model.
The research population encompassed common available the hospital bed distribution models as information resources and experts in healthcare management, economics, and health policy. In the third and fourth steps of the study, it contained faculty members and Ph.D. students in the Medical and Health Services Management and Health Economics as well as managers and experts with academic knowledge about the health system, particularly the distribution of medical facilities and the medical classification system.
The sample size was calculated as the number of variables (n=23) multiplied by 15. In other words, 345 questionnaires were submitted to the participants in the study. Finally, 300 questionnaires were completed (with 87% response rate), of which14 questionnaires were excluded since they were not completed so that 276 questionnaires were further examined. Multistage quota sampling method was used, according to which the country was divided into five regions in the north, south, center, west, and east. For each region, there were three quotas; hence, three medical universities were randomly selected. In each cluster, 23 experts including professors and Ph.D. students in the field of medical and health services management and health economics as well as managers and experts who had academic experiences about the health system, especially the distribution of facilities and classification of medical and hospitalization services, were selected and received and completed the questionnaires.
To collect the data, the questionnaires were submitted in person in some accessible provinces.
In other cases, some representatives were selected from each medical university and provided with necessary training on how to respond to the questionnaires.
Inclusion criteria were competence in the subject, a history of management activity in the health system, familiarity with the standards of hospitalization service allocation throughout the country, or being MA or PhD student in medical and health services management and health economy, and sufficient information about the research topic.
Finally, the central limit and dispersion indices (i.e., mean, standard deviation, and frequency distribution tables) were used to describe the data and exploratory factor analysis and confirmatory factor analysis methods were used to analyze the data, to extract the dimensions, and to determine the factors affecting the hospital bed distribution. Furthermore, fit indices were employed to determine the fit of the model. The collected data was analyzed by SPSS software version 20 and AMOS software version 20. 
Results
The study participants (N=276) in the study included 208 men (75%) and 68 women (25%). Regarding level of education, 101 (41%) and 139 (47%) persons held master's and PhD degrees and 36 (12%) persons were PhD students. Moreover, 18 (7%), 53 (19%), 86 (31%), 79 (29%), and 40 (15%) persons had a work experience of ≤ 5 years, 5-10 years, 10-15 years, 15-20 years, and ≥ 20 years, respectively. In terms of age, there were 30 persons (11%) below 30 years of age, 67 (24%) persons aged between 30 and 35 years, 86 (31%) persons aged between 35 and 40 years, 55 (20%) aged 40 to 45 years, and 38 (14%) persons ≥45 years of age.
After extracting factors affecting the optimal hospital bed distribution in the first step (67 factors), the number of items reduced to 51 factors after combination, deletion, and face validity examinations based on the interviews and experts' comments. Given that the minimum acceptable CVR for 15 participants was estimated to be 0.49 based on Lawshe's table in order to examine the content validity, 23 factors were considered to have impacts on the optimal hospital bed distribution in Iran. This would contribute to specifying the dimensions and presenting the model (Table 1 ). After calculating the primary matrix for the concerned factors, it was found that five factors were ≥1 and explained 70.745% of the variance in all variables. In other words, there were five factors reflecting 70.445% of variation in eigenvalues for each of the tested indices ( Table 2 ). Table 3 presents the matrix of the components and the factor loading of variables after the Varimax rotation. To detect the outliers, the box plot was used. First, a box plot was drawn for economic, socio-cultural, organizational, geographical and political dimensions and the outliers were identified in each dimension. In order to manage the outliers in each dimension, the researchers adopted the following measures:
If the outlier were created by mistyping, it would be replaced with an integer. Furthermore, if the outlier were associated with the unreal numbers reported by the study participants, it would be replaced by median. The standard deviation of the population was used to remove non-significant cases. To do so, the standard deviation of the population was calculated for each sample in Excel document. In the present study, the population's standard deviation values for all samples were ≥ 0.3; hence, no sample was excluded. Kurtosis for each questionnaire item ranged between -3 and +3 while their skewedness was between -5 and +5, indicating that all the items in the questionnaire were normally distributed.
Considering the critical ratio and the significance level of 0.01, all the items were meaningful with a probability level of 99%. This mean that all items of the relevant dimensions with a probability level of 99% had significant correlations; hence, they met the first criterion to be included in the model. For example, with a probability level of 99%, there was a significant relationship between patient wait lists and time (with a critical ratio of 25.445, an error of 0.47, and a significance level of 0.01), patient rate in the concerned region (with a critical ratio of 24.839, an error of 0.47, and a significance level of 0.01), and prevalence and burden of disease (with a critical ratio of 19.012, an error of 0.56, and a significance level of 0.01) with organizational dimension, hospital ownership (with a critical rate of 5.200, an error of 0.56 and a significance level of 0.01) and economic dimension. According to the standard table, if the factor load exceeds the minimum acceptable standard (0.5), it will not be excluded from the model; therefore, the factor loads for all the questions (except for Item 5 in social dimension (socio-economic attributes) and Item 1 in economic dimension (efficiency and effectiveness of service provider centers)) were ≥0.5, and they remained in the model. Among the items associated with the organizational dimension, Item 6 (wait list and time) and Item 7 (bed to population ratio) had the highest (0.97) and the lowest (0.63) correlation coefficients, respectively. In economic dimension, Item 4 (hospital ownership) had the highest correlation coefficient (0.97) and Item 3 (physical space and facilities) had the lowest correlation coefficient (0.65). In the socio-cultural dimension, the highest correlation coefficient (0.92) was reported for Items 1 and 3 (age and gender distribution of population and mortality rates and other vital indices) and Item 6 (population density) had the lowest correlation coefficient (0.52). In the political dimension, Items 3 (power pressure) and two (bias and political acceptability) had the highest (0.93) and lowest (0.73) correlation coefficients, respectively. Finally, in the geographical dimension, Item 2 (Geographical access to referral levels) had the highest correlation coefficient (0.91) and Item 1 (geographical status of the region) had the lowest correlation coefficient (0.51) (Fig.  1) . Given that a minimum of three fit indices should be within the acceptable range in order for a model to be validated, the model proposed in this study was approved (Table  4 ). Since CR is >0.7 for all dimensions, construct validity is confirmed. Meanwhile, CR is larger than AVE and AVE is larger than 0.5; therefore, the convergence validity criterion is also met for all dimensions. Further, since AVE is larger than USA and MSV, differential validity is also observed for all dimensions affecting the optimal hospital bed distribution ( 
Discussion
The hospital bed distribution model in Iran, with 5 dimensions and 21 relevant variables, provides a means for policymakers and health care managers in planning for the hospital bed development. In this research, one of the most effective dimensions of bed distribution model is organizational dimension, in which the subcomponent of patient's wait list and time is of paramount significance. In the study by Ataolahi et al., the average wait time for using the bed (from the time a patient requests for services to the time the service is provided) was considered as an essential factor in hospital allocations (19) . Findings of a study entitled "Impact of delayed admission to intensive care units on mortality of critically ill patients: a cohort study" by Cardoso et al., indicated that 326 clinical referrals were not admitted due to the hospital bed shortages and that the wait time for clinical admissions was long (20) . Another influential component in this dimension was patient rate in a concerned region, i.e. the population's exploitation from the bed. According to the results of the research by Goudarzi et al., entitled "The modeling of hospital beds forecasting in IR of Iran," although the hospital bed shortages in a region could severely reduce access and equity to health services, the development of hospital beds, regardless of the patient acceptance capacity, could lead to further decrease in the health equity index through imposing costs of inefficiency. This finding is consistent with the results in the current study (12) .
The bed to population ratio is commonly regarded as an indicator to compare access to hospital beds in different areas at national and international levels, and its value is usually dependent on the development status of the health systems and the service delivery models and health policies in each community. Goudarzi et al. introduced the ratio as one of the effective criteria in predicting the number of required beds (12) . This claim is partly in accordance with the results of the present study because the index was introduced as one of the indices with low effectiveness in the proposed model. Before distributing and allocating beds to different regions, the frequency of referrals to different specialties should first be considered as such with an appropriate understanding of the needs in different regions, the optimal allocation and distribution of resources, including the hospital beds, is facilitated. hospital beds in ICU, CCU, orthopedic, and internal wards and a surplus of hospital beds in internal emergency, neurology, burn, and nerve surgery wards (19) . The social dimension was detected as the second most effective dimension in the proposed hospital bed distribution model, and was an effective component of the number, growth rate, age, and gender distribution and population density. Jamali et al., introduced the population of a region as one of the major factors in locating hospitals and allocating health and medical facilities. Moreover, the results of this study presented no balance between population density and number of hospitals in Tabriz, Iran (21) . Ahadnejad et al. mentioned that the residential-demographic information layer is one of the significant layers with a relative weight of 0.2 in locating hospitals (22) . In Australia's hospital construction projects, the structures of age and population in a region are primary factors in the hospital bed allocation (23). Aghamohamadi et al. suggested that shifts in the diseases patterns toward chronic diseases as well as shifts in the population age and gender structure toward aging in Iran would have a great influence on the future demands for hospital beds (24) . According to Schofield and Earnest's study, aging would increase the demand for beds up to 70-130 percent by 2050 (25) . Like the previous studies, the abovementioned criteria in the present study are also important factors in the hospital bed distribution model.
The economic dimension was the third most influential dimension in the proposed model, which encompassed the indices such as hospital ownership, financial resources, availability of facilities, and others. When establishing a hospital in a region, it should be considered whether the hospital ownership fits to the regional residents' financial capability. In terms of economic access, travel costs, fees and services should be affordable to individuals, families and society. Additionally, investment costs and the physical and environmental attributes are one of the important factors in locating hospitals and allocating health and medical facilities (13) . Maher et al. observed high inequality in the distribution of health costs among rural households in Iran's provinces. Governments should reduce such an inequality by increasing health facilities in distant areas and by allocating financial grants (13) . Lowincome households pay about 40 percent of their trivial income for health care services while affluent households approximately spend 9 percent of their income on health care costs (26). Out of 10 hospitals in District 11 in Tehran, six hospitals are privately held and are mainly established to bring financial profits; therefore, necessary measures should be adopted to provide public services in the region (22) . The use of private-public partnership (PPP) investment models in the health sector, if the grounds are available, would be an appropriate solution for Iran's hospital sector (7) .
Geographical and political dimensions with the least regression weight were the fourth and fifth dimensions included in the proposed model. Power pressure and upstream documents and policies were among the most effective indices in the political dimension.
Major administrators and policymakers, such as the Ministry of Health and the Islamic Consultative Assembly, should make their health policies and, consequently, the health resources allocation and distribution policies in line with the macroeconomic objectives of the system since the adoption and implementation of a policy affects the various pillars of the health system. For example, changing the number of beds would change the resources in each sector, including manpower, budget, and other resources (11) . According to the findings of Zahediasl's research (1996) , above 45% of the beds in the private sector are placed in Tehran while the share of Ilam, Bushehr, Chaharmahal and Bakhtiari, Zanjan, Semnan, Sistan and Baluchestan, Kurdistan and Boyer Ahmad was zero in 1996 (27) . The results of this study reflects the problems with either macro policies or the implementation of the adopted policies. Considering that Tehran is the capital of Iran and enjoys power pressure, its facilities seems to exceed those in other regions of the country.
Among the variables affecting the geographical dimension is geographical location and access to referral levels. Parsa Moghadam et al. studied the optimal location of urban hospitals using GIS and determined the optimal location for the construction of a hospital in Ardebil in order to improve individuals' access to health services (28) . According to Shafii et al., there are 34 thirdlevel hospitals for maternal and infant care (referral) in 22 geographical regions of Tehran with six hospitals being located 500 meters apart from each other, 29 hospitals being at a distance of 3000 meters or less away from each other, and four hospitals having a distance of more than 3000 meters from their adjacent hospitals. The researchers stated that all inequalities could be due to a lack of planning and inconsideration of health and geographical issues as well as mere consideration of economic issues when selecting a site to establish a hospital as a majority of hospitals in Tehran are located in the central and northern regions of Tehran (29) .
In their research, Khabiri et al. found that the highest frequency of childbirths on roads (33.3%) occurred in Tehran province. Despite the fact that most hospitals and hospital beds are concentrated in Tehran province, the disproportionate distribution of hospital beds in different regions along with the heavy traffic has led to the occurrence of such childbirths (30) . Hospitals located on downtown, narrow and crowded streets cause problems such as lack of prompt and timely access and noise pollution posed by traffic congestion, resulting in discomfort for patients (31) . It is recommended that hospitals that are far away from other hospitals and individuals covered by the hospital are far away from other hospitals offer a variety of services to meet a greater number of needs for the covered ones (32) .
Conclusion
As the lack of hospital beds in a region can greatly decrease equality and access to health services, hospital bed development and distribution, regardless of effective factors, may downgrade equity in access to health services through imposing costs of inefficiency. According to the results of the current research, it could be concluded that the model proposed in this research has provided a means for policymakers in the health system to improve the hospital bed distribution even though further accurate information over different time periods are required for this model. This model would help the Ministry of Health and Medical Education to gain a thorough understanding of the issues with a greater impact on the hospital bed development and distribution in order to plan, implement and manage the issue. Hospitals should also increase their efficiency not only to improve the quality of their services but also to promote satisfaction among their clients. The Ministry of Health and Medical Education is thus recommended to consider the effective dimensions and factors detected in this model and to include them in the Iran's health development document that is being compiled. To implement the model, a comprehensive information system in the healthcare sector should be set up to record effective indices such as the percentage of service benefits, patient immigration, and others in order to plan and approve future macro policies of the health system through using such information.
